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Range & Stopping Power in Nucleonica

Stopping Power; energy loss of energetic particles per unit length in matter.

The range; the mean path length of the particle in the target matter before coming to rest.

Niels Bohr
(1885-1962)

The first calculation of
stopping power was done
by Bohr in 1913.

Erwin Schr:’:’:dinger

15887-1861

Wave mechanics
started in 1926

Hans A. Bethe
1906-2005

First quantum mechanical
calculation of

stopping power in 1930
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Range & Stopping Power in Nucleonica

Stopping power has been studied

electron

prOto F looks for missing matter

neutron
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Range & Stopping Power in Nucleonica

Types of Interactions

l.  Inelastic scattering on atomic orbital electrons. |l. Inelastic nuclear scattering.
It leads to excitations and ionizations of atoms  This results in radiation which is known
of the medium, and is called “Collisional as “Bremsstrahlung”, so the stopping
Stopping Power”. power is the “Radiative Stopping Power”.
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Bremsstrahlung emission

Inelastic scattering
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Range & Stopping Power in Nucleonica

Physics Behind the RANGE Module

* The RANGE module uses the SRIM "engine" for heavy ions, alphas and
protons.

* Own codes for the calculations for electron, positron and muon
projectiles.

* The interaction of incident electrons with target electrons can be
calculated from Bethe’s theory.

* The collisional stopping power of matter is calculated by considering the
effective charge approximation.

* For Radiative Stopping Power, RANGE module uses simple ratio:

S,.4/S.o = ZE/800

rad’ ~coll —

* Range of the electrons, positrons and muons in matter is calculated by
using Continuous Slowing Down Approximation (CSDA):
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Range & Stopping Power in Nucleonica

Main Interface:

Projectiles

- - Range & Stopping Power Questions, remarks, suggestons can be pasted n the forum
| alpha -
;Act ium
electron  —_ || e S —
. nput o pions | | F
pDSIT.rIIIFI Aluminum
Antimany L
L E
roton ut il
Projectiie Target /-Astatine M
L
Projectiie Details Density (gicm?) Barium
' Beryllium
muon —_— e U OGS Siemuth
Clth er ions Energy (MaV) = 10 Hono-elem: @ Sold/Liquid gfgf’;‘ine ||
) Predefined compouny Gas. Cad
@) User defined compel c:‘;{:j;m
Carbon
o El Cerium
un Air (dry, near sea level) M Cesium
Aluminium oxide Chlorine
Vi Ammania Chromium
Test Resuts for Alphas 2 Brass Cobalt
In this section, we give the resulls of stopping power and ranges for aiphas in H {gas), Pb (solid) and water flquid) We have offmpared the resuits for E module with thoss from Bronze Copper .
ASTAR. Obtained results are shawn in the iga 7-12 orthese targets. PP
Concrete
Alphas in H (Gas) [edi] CR-39
Calculated results are shown in g. 7 far stapping power and in fig & for range. We have also given the mean emars igfables (see figg#%) for stopping power and for range, respectively. Glass (Pb transparent)
Graphite (Carbon)
[MLexan 1
= s \ e ethanol
5 ] Pal
; H Photographic emulsion
4 i Plexiglass
H H Scintillator Nal
& Forum / Skin human
1o e a0 7 i e ks, Y e ofter e v s et Soft Tissue (ICRP)
s aary Nuckonica forums Stainless steel I
[ L T ——— T =1 Floms 8. Ths age resnts of sghss oo H (2es) = Teflon £
s Forum @
[Linput | D= | Compound Deteis |_Options | T=be
Compound composition
User defined compound LiF Save Delete
/ z Element Atomic Weight Stoichometry
i = E] =l Fluarine =] 18.9980 1
L Add | Remove \ Remove All |
Energy (MeV/amu)
[ 2 Eleme " Atomic Weig | |
SPE ed [m-’s} Edit |3 |Lithium 6.941 1 50 ‘
Edit |9 | Fluorine 13.998 il 50
Speed (vic)

Wiki Help at

nucleonica



http://www.nucleonica.net/wiki/index.php/help:range_%26_stopping_power
http://www.nucleonica.net/wiki/index.php/help:range_%26_stopping_power

Range & Stopping Power in Nucleonica
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Range & Stopping Power in Nucleonica

Wiki Help:

. dit]
Range Calculations fedd

Most of the transport calculations an e Carlo simulations for the calculation of
Range are based on the so-called Continuous ing Down Approximation (CS0A). In
this approximation, it is assumed that the particle lossesT ergy in a continuous way
and at a rate equal to the stopping power. Since the stopping powerT
projectile per unit path, CSDA range (or Bethe range) is calculated by

, d B!
R(E) = f S(EY
Eabs

whare Ep, is the energy where particle is effectively absorbed. CSDA range is the path
length traveled by the particle and since energy-loss fluctuations are not considered,
CSDA range is always higher than projected range (12, ) which is the distance between
the point where particle enters the stopping mediurm and the point where particle is
absorbed (or come to rest). It becomes important when the projectile’s energy is low
enough.

e energy loss of

SRIM uses PRAL (Projected Range ALgonthm) [B] equations for caleulating projected
range. To second order it involves iterating the difference equation
4-":"2 — (2b-ﬂsn + ,”Qn:lj?::(b.[]) Ak

o, E AER) = R,k
ol En+ AEY) plEo) + 1ES, — 20, )

Test Results for Protons [edit]
WWe calculated the stopping powers and ranges of H (Gas), Pb (solid) and water (Liguid) for protons and compared the results with
FPSTAR

Protons on H (Gas) [=di]

Az can be seen in fig.1, overall agreement with PSTAR is quite good. Comparing the RANGE module's results with PSTAR, the
averall mean errar in energy range from 1 ket to 1 Ge is 0.8 %, mean error is 1.8 % in energies below 400 ke and mean errar
in energies below 10 keV is 2.5 %

sam
FeTaR - § ——SRM
4 PSTAR

Stopping Fower (MeV cm'ig)
Projected Range (glem')

Eneray (Mev) Eneray (Mev)

Figure 1. The stopping power results for protons in H (Gas). & Figure 2. The range results of pratons in H (Gas) o]
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Range & Stopping Power in Nucleonica

The RANGE module:

provides a user-friendly interface for quick and accurate calculations on the
range and stopping powers of charged particles.

can calculate SP and Range for electrons, positrons, protons, alphas, muons
and heavy ions in a variety of different natural elements, pre-defined and
user-defined compounds.

give freedom to the user for selecting the energy and stopping power units.
provides high quality graphs for SP and Range.

can be used in the Nucleonica scripting language.

Test results show agreements of less than 5% for protons and alphas, less
than 10% for electrons and positrons, and less than 7% for muons for the

total stopping powers and the CSDA Ranges. The Range module uses SRIM
for heavy particles with a known accuracy of less than 5%.
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Range & Stopping Power in Nucleonica

EXERCISES

Q1: What must be the minimum thickness of a shield made of (a)
Plexiglas and (b) aluminum in order that no beta rays from a Sr
source pass through?
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What is the energies of beta rays from %Sr and 0Y?

Go Data>Nuclide Datasheet

Range & Stopping Power in Nucleonica

Elemert.  Maszs:
0

& Mo

D atasheet [ Description | Derived Data

| Awerage Cross Sections | Radiations |

Prampt Gamma ’ Select Print Outputs |

» Reference Data Motes

Density

Mass Excess

Atomic Mass

Half-life

Spin

Parity

Binding Energy

Abundance

Effective Dose Coefficient Inhalation
Effective Dose Coefficient Ingestion
Mean Decay Energies

Alpha

Electron

Photon

Type of decay

[3-

2 B4 gicm?®

85341 04 [+ 2887) keV
80807737888 (+ 3099) U
JRTA(2EYY

oh

+

8.69590 Mevinucleon

1.6E-07 (SwBa)
2.8E-08 (SwBo)

0 (Mev)

174 (kevy

0 (keV)

Branching Ratio 1l (0]
1 0.546 (MeV)

DauI liters
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Range & Stopping Power in Nucleonica

T [_ PP S RO (A

Questionz, remarks, suggestionz can be posted in the forum

Input
Projectile
Projectile Details

Projectile lon electron v |

| Energy (MeV) bt 2.28 |

Results

electrons on Aluminum
CSDA Range, R:

Mass thickness;

5.054E-1 cm
1.376E+0 glcm®

Stopping Power (total): 1.545E+0 I:r;‘\.-".u'llmg,u'cm:'j

Target

Density (g-‘cmg]

| Aluminum

¥

12.702

'@' Meno-slement
{:} Predefined compound

{:} User defined compound

(%) Solid/Liguid

{:} Gas
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Range & Stopping Power in Nucleonica

o i
Range & Stoppl ng Power Questions, remarks, suggsstions can be posted in the forum
Input l | Eompuunu.;lmD.;ata-i-I; ,,- pt -
Input
Projectile Target
rojectile Detailz . 3
Projectile Detailz Density (glcm’)
& i T I 1
Projectie lan |electron ¥ | Plexiglass ¥ .17 |
L
| Energy (MeV) w 228 i (O Meno-slement
@ Predefined compound
(:} Uszer defined compound
@
Results

electrons on Plexiglass

CSDA Range, R 5181E-1 cm

Mass thickness: 1.074E+0 g.-'l:mt

Stopping Power (total): 1.948E+0 ke mg.-'crn: '
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Range & Stopping Power in Nucleonica

particles from %0Pg?

Hint: Check the decay chain of Po-210, then find the maximum energy
of the alpha particles emited in the chain.

SOLUTION:

Fo210
14E2d Decay engine
84 Polonium
Current Chart: Karlzruhe
Element Ilazz B H .
. & No,Radioactive daughter
Po v| 1210 v B
= Decay Engine [ ﬁpfi-ons | /
Quantity: |Grams V||1 | Accuracy Factor: iU.U1 |
Time: IYearg v—||3,?8893 | Number of timesteps: i-1[] i Number of chains: i_1 .
Start| Start in backgruundl Reseti Show details |
o210 a 1:63E+41 0 1.41E-01
</ 32 Ph206 Stable a 0 0
q 2 Hed Stable 0 ] a
Totat 1.63E+11 0 1.41E-01




Range & Stopping Power in Nucleonica

Data>Nuclide Datasheet

Element: Wass:

[Po m|[210 ] =8|

Reference Data [ .besc'riﬁli.on | heri\;feci I'jal:a | ”E'Ir.oss Sect-inns | I.:l:ad.iétiu':nns | ﬁrlomﬁlt-éémmas “Seiec:'t F'rlntDulputs

» Reference Data Notes

Density 9.20 g/lcm’®

Mass Excess -15953.071 (2 1242) kel
Atomic Mass 2099832873673 (21333 u
Half-life 138388 (x 4)4d

Spin 0h

Parity £

Binding Energy 7.83435 MeVinucleon
Abundance =

Effective Dose Coefficient Inhalation 4 3E-06 (SwBq)

Effective Dose Coefficient Ingestion 1.2E-06 (SwBq)

Mean Decay Energies

Alpha 540752 (Mev)

Electron 9. 327 26E-05 (keV)

Photon 0.00972462 (keV)

Type of decay Branching Ratio Daughters
a il 5.40745 (MeV) 82 Pb 206
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Range & Stopping Power in Nucleonica

Range & StOPPI ng Power Questions, remarks, suggestions can be posted in the forum
i Input | Detals k= | Options [
Input
Projectile

Target

iectile Detai
Projectile Details Density (gicm®)

Projectile lon i-ﬂEha v_ i__ﬁlgminum | |2. 702
|Energy (MeV) | [5.4 & Mono-glement (&) SoligiLiquid

(") Predefined compound ) Gas

Results

L]

(:)Ussrdsfinsd compound

alphas on Aluminum
Projected range, R
Mass thickness:

Stopping Power (total):  5.758E+2 keVi{mgicm')
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Range & Stopping Power in Nucleonica

What are the energies of *?C ions to implant to Imm depht in SiO, sample?

SOLUTION

npux_|_Tetals | Campourd Detals | Dpiors | Totle

Range & Stopping Power

Fer Stopping units

| Input !_‘I;)_atails.. CompoundDataiIs.. Options | Tahle

Target
Projectile Details Density
other ions b !§'QQ "! |2.634

Pr | T

12s o | () Meng-slement =

!5_4 O Predefined compound

@Uaer defined compound

LEBHED

17sE0

106001V

Run MO0 eV
K o

- T8C0eV
Range & Stopping Power ki, ol soacetons £ Ba g 0 e 17000 ey
TeContey

4 470E+0 pm 20000 eV

1.ATTE-3 glem?

it | Deteds | Compound Ds Ogrers: Taie
5.723E+3 keVi(mg/cm®}
Compound composition
Sioz2 Save

T00ev
100600V

z viement - stoicnemetry

W ¥ [Aamm @ [z2rem

Est 8 Ongen 15899 2 8867
Est 14 Silon 28085 1 EEE
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Range & Stopping Power in Nucleonica

Consider the case of fluence of 101°/cm?2 10 MeV electrons incident on
a Pb layer 1mm thick. Calculate the mean dose deposited by electrons.

SOLUTION

Mean dose deposited by the electrons is given as D=1.602x10-1S_x®

Here S, is collisional stopping power in units MeV/g/cm?and @ is the fluence
in 1/cm?. So, dose can be obtained as Gy.

Range & Stopping Power

[ nput 1 Details i mpound Detals | Oplions ' Table |

electrons on Lead

CSDA Range, R:

555555555555

11.3
®

 D=1.602x10-10%

©8,=1.128 keV/mg/cm? (MeV/g/cm?)

1.128x1010= 1.807 Gy
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Thanks!
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